Abstract: The aim of our research was to identify Merkel cells in stratified squamous nonkeratinized epithelium of the human oesophagus. We chose the middle and lower part of the oesophagus. For identification of Merkel cells we used antibodies against simple-epithelial cytokeratines, especially anti CK 20, because it is providing the highest degree of specificity. Our investigation showed increased number of CK 20-positive Merkel cells in lower (distal) part of the oesophagus, approximately 60%. In the middle part of the oesophagus there were 30% of CK20-positive Merkel cells.
Introduction
Merkel cells (MCs) are post-mitotic neuroendocrine cutaneous cells found in epidermis of vertebrates. They are mostly localized in the basal layer of the epidermis and concentrated in touch-sensitive areas in glabrous and hairy skin and in some mucosa (Boulais & Misery 2007) . Human Merkel cells were first described by Friedrich S. Merkel in 1875 and named "Tastzellen" (touch cells) assuming a sensory touch function within the skin (Moll et al. 2005) . He found most of them within the dense epidermal sensory nerve network in the epidermal bulge which was first named Haarscheibe and is now referred to as the "touch dome" (Boulais & Misery 2007) . Merkel cells have been a subject of investigation in human and animal studies for over a century, but their origin, function(s) and exact distribution in human skin remain largely unknown (Boot et al. 1992) .
Merkel cells are primarily localized in the basal layer of the epidermis and concentrated in touchsensitive areas in glabrous and hairy skin and in some mucosa (Boulais & Misery 2007) . The location of MCs is shown in Fig. 1 . There is a great site variation in the density of MCs. The palmar aspect of hands, especially the finger pads, including the feet and plantar aspects of the toes has a far higher density than any other part of the body. However, the lips and buccal mucosa (hard palate and cheek mucosa) contain slightly less MCs. The regions richer in MCs are involved in tactile perception, emphasizing the presumed sensory receptor function of MCs. A further mucosal location in which MCs have been identified is the oesophagus (Harmse et al. 1999) . MCs also can be identified in the male prepuce and in the female clitoris (Cold & Taylor 1999) .
MCs are more numerous in the sun-exposed skin than in covered skin (Lacour et al. 1991) .
The functionally important specialization is the contact area to the associated nerve fiber, resembling a synapse-like contact zone. Not all MCs are associated with nerve axon. Merkel cells can be divided into innervated and non-innervated ones (Moll et al. 2005) . Several characteristics suggest a neuroendocrine function of MCs: the cytoplasmic dense core granules resembling the neurosecretory granules of typical neuroendocrine cells (Lacour et al. 1991) . They have pale, lobulated nucleus and the surface is characterized by spine-like protrusions of highly variable length. They are attached to the neighbouring keratinocytes by relatively few, small desmosomes located on the cell body and occasionally on the dendritic-like processes. Merkel cells are particularly interesting because of the close connections that they develop with sensory nerve endings and the number of peptides that can be secreted. These features suggest that they may make an important contribution to skin homeostasis and cutaneous nerve development. Clusters of MCs are mainly innervated by slowly adapting type I. mechanoreceptor nerve fibers (Boulais & Misery 2007) . In routine light microscopy of hematoxylin and eosin (H&E) stained human skin MCs can be hardly identified. Antibodies against simple-epithelial cytokeratines allow an easy and clear-cut identification of MCs. At the light microscopic level, anti CK 20 providing the highest degree of specificity (Moll et al. 2005) . Other methods of their identification with light microscopy are based on incorporation a fluorescent dyes into the MCs. Live MCs are known to incorporate quinacrine (Crowe & Whitear 1978) , which fluoresces a light under UV illumination (Fukuda et al. 2003) . Some authors speculated 744 S. Polakovičová et al.
that quinacrine hydrochloride bind to ATP in MCs granules (Crowe & Whitear 1978) . Although quinacrine is a powerful marker, this dye is quickly lost from the intracellular space, and Merkel cells become difficult to identify in tissue culture experiments (Fukuda et al. 2003) . Authors tested FM dyes (water-soluble, lipophilic, styryl, nontoxic dyes) for identifying live MCs (Fukuda et al. 2003) . The fluorescence intensity in the cells was stronger than that of quinacrine and FM -dye-stained cells were easily identified in culture even 7 days later. By electron microscopy, the uranaffin reaction has been applied to identify mammalian intraepithelial MCs (Richards & Prada 1997) . Uranaffin reaction was introduced as an ultrastructural stain for the localization of adenine nucleotide in organelles storing biogenic amines (Richards & Prada 1997) . The aim of our research was to identify Merkel cells in stratified squamous nonkeratinized epithelium of the human oesophagus using antibodies against simple-epithelial cytokeratines, especially anti CK 20.
Material and methods
In our study 20 samples of normal adult human oesophagus from middle (10 persons) and lower (10 persons) part were examined. Human tissue which came from the collection of the Department of Histology and Embryology, Medical Faculty, Comenius University in Bratislava, Slovakia has also been used for education purposes. The samples were then processed by routine histological technique and stained with hematoxylin and eosin. Then the samples were prepared for immunohistochemical examination. Analysis was performed in the light microscope Nikon eclipse 80i and camera Nikon DS-Fi1. We measured the length of each specimen and calculated the average length of the specimen. In order to estimate numerical density of MCs in the epithelium of the oesophagus, MCs were counted per length of the specimen, using a graduated ocular. We calculated the average number of MCs in specimens from the middle and lower part of the oesophagus per average length of the specimen. Then we calculated the average number of MCs in all specimens.
Preparation of samples for immunohistochemical examination
The formalin-fixed and paraffin-embedded samples were sectioned into 2 µm thick slices and stained by conventional staining methods by hematoxylin and eosin. Immunohistochemical staining was performed using the biotin-avidin technique with primary human antibodies against cytokeratine 20 (clone Ks20.8.). Visualization of the cells was developed with DAKO LSAB/HRP kit and DAKO En Vision/HRP kit.
Results and discussion
CK20-positive MCs were identified in 3 of 10 specimens from the middle part of the oesophagus and in 6 of 10 specimens from the lower part of the oesophagus. The cells were dispersed singly and in clusters in the lower parts of the epithelial layer (Figs 2A, B) . They were well visible, because of their oval shape and larger size compared with other epithelial cells. No subepithelial MCs could be detected. Our investigation showed (Table 1, Fig. 3 ) an increased number of CK 20-positive Merkel cells in lower (distal) part of the oesophagus, approximately 60%. In the middle part of the oesophagus were 30% of CK20-positive MCs. If we evaluate number of MCs in all specimens of the oesophagus, 55% of the specimens did not contain any MCs, whereas some specimens showed a considerable amount of MCs. The average density of MCs in the oesophageal epithelium of the lower part was 10.9 cells per 1.24 cm (average length of the specimen). The average density of MCs in the oesophageal epithelium of the middle part was 0.5 cell per 1.02 cm (average length of the specimen). The average density of MCs in the oesophageal epithelium of all specimens was 5.7 cell per 1.12 cm (average length of the specimen), which is a higher number compared with data published by Schultz et al. (2003) . Harmse et al. (1999) found in his study that four of five cases showed an evident increase in MCs num- -they have a comparable immunoprofile -they are in a comparable location as single cells lying in the basal layers of the stratified epithelium -they have a comparable density -they both occur in fetal life -they both have long cytoplasmic dendrites, especially in fetal life Merkel cells are found in both types of squamous stratified epithelia, in keratinized (e.g., skin) and in nonkeratinized epithelia (e.g., oral mucosa, hard palate, oesophagus). In the oesophagus, many of these cells lack innervation and thus may functionally differ from innervated MCs in other locations, supporting the notion that MCs include heterogenous subpopulation which probably exert different functions (Moll et al. 2005) .
Conclusions
There are still very few data concerning the function of MCs in the human oesophagus. If they have neuroendocrine or sensory function it is still unclear. Further investigation of the role of MCs in oesophageal innervation and epithelial biology will be of interest. It will be also very interesting to study MCs in other stratified squamous nonkeratinized epithelia in humans, for example in vagina, squamous part of anal canal and compare them.
